Objective: This meta-analysis was performed to evaluate the safety and efficacy of the obliqueaxis plane in ultrasound-guided internal jugular vein puncture. Methods: We searched Embase, PubMed, the Cochrane Library, Web of Science, and China National Knowledge Infrastructure for relevant randomized clinical trials comparing the oblique axis with the short axis in ultrasound-guided internal jugular vein puncture. Results: Five randomized clinical trials were included in this meta-analysis. The pooled metaanalysis showed that the incidence of arterial puncture in the oblique-axis group was significantly lower than that in the short-axis group. No significant difference was found in the first-pass success rate between the oblique-axis group and short-axis group. Additionally, there were no significant differences in the puncture success rate or number of attempts required between the two groups. Conclusion: Ultrasound-guided internal jugular vein puncture using the oblique-axis plane reduced the risk of arterial puncture, but no difference was found in the first-pass success rate, puncture success rate, or number of attempts required.
Introduction
Internal jugular vein puncture is widely used in the operating room and intensive care unit. The traditional puncture method is based on anatomical landmarks and may therefore lead to several complications such as arterial puncture, hematoma formation, and others. [1] [2] [3] Ultrasound is used to display the blood vessels and surrounding tissues of the neck and accurately locate the internal jugular vein. 4 Several randomized clinical trials and meta-analyses have shown that ultrasound-guided internal jugular vein puncture not only increases the first-pass success rate but also reduces the risk of complications. [5] [6] [7] [8] The ultrasonic positioning method commonly involves use of the short-and longaxis planes. The former can only show the cross section of the puncture needle, 9 while the latter can only display the internal jugular vein. The oblique-axis plane, a new method of localization that combines the advantages of the short-and long-axis planes, can show both the internal jugular vein and internal carotid artery. 10, 11 However, the safety and efficacy of the oblique-axis plane are still controversial. This meta-analysis was performed to determine the safety and efficacy of the obliqueaxis plane in ultrasound-guided internal jugular vein puncture.
Materials and methods
This meta-analysis was conducted according to the recommendations of the Cochrane Handbook for Systematic Reviews of Interventions and the recommendations of PRISMA. 12, 13 All analyses were based on previously published studies; thus, no ethical approval was required.
Inclusion criteria
Studies were included if they met the following criteria: the study was a randomized controlled trial (RCT), the study involved adult participants, and ultrasound-guided internal jugular vein puncture was evaluated. For interventions, the experimental group involved ultrasound examination with the oblique-axis plane, while the control group involved ultrasound examination with the short-axis plane. The following outcomes were included in this meta-analysis: the incidence of arterial puncture, the firstpass success rate, the puncture success rate, and the number of attempts required.
Exclusion criteria
Studies were excluded for the following reasons: the study design was a non-RCT, retrospective study, review, or case report or the study had no target outcomes.
Search strategy
We searched Embase, PubMed, the Cochrane Library, Web of Science, China National Knowledge Infrastructure, and other Chinese databases for relevant randomized clinical trials that compared the oblique axis with the short axis in ultrasound-guided internal jugular vein puncture up to 31 October 2017 without language restriction. The references of the identified studies were also searched to identify any additional relevant studies. The English search terms were "ultrasound," "internal jugular vein," and "oblique axis."
Assessment of study quality
The quality of the included studies was independently assessed by two investigators according to the Jadad scale.
14 The following items were evaluated: whether randomization was performed and whether the method was correct, whether allocation concealment was used and whether the method was correct, whether blinding was performed and in whom the method was used, and whether there were withdrawals or dropouts.
Data extraction
The following data were extracted by two authors using standard data tables: first author, year of publication, country, number of participants, target outcomes, intervention details, and study characteristics. The primary end point of this meta-analysis was the incidence of arterial puncture, and the secondary end points were the first-pass success rate, the puncture success rate, and the number of attempts required.
Statistical analysis
We used Review Manager version 5.3 (The Cochrane Collaboration, The Nordic Cochrane Centre, Copenhagen, Denmark) to conduct all statistical analyses. Heterogeneity 15 was assessed with the I 2 statistic, and I 2 > 50% was regarded as significant. The following analytical methods were used: an a priori fixed-effects model was used, and we selected a random-effects model to perform the meta-analysis when I 2 was !50%.
Subgroup and sensitivity analyses were performed on factors that may contribute to the heterogeneity of the primary outcome.
Dichotomous outcomes are reported using the Mantel-Haenszel risk ratio (RR) with 95% confidence interval (CI), and continuous outcomes are reported as the mean difference with 95% CI. Figure 1 shows the results of the search process. In total, 70 studies were included in the initial search in accordance with the search strategy. After excluding non-relevant literature and non-original studies by reading titles and abstracts, 14 articles were selected. Finally, only five studies [16] [17] [18] [19] [20] were included.
Results

Trial selection
Characteristics and quality of included studies
The details of the studies included in the meta-analysis are shown in Table 1 . Two authors independently evaluated the quality of the RCTs reported in these studies using the Jadad scale for randomization, allocation concealment, blinding, and withdrawals or dropouts of all enrolled studies. Only one of the studies 16 was classified as low-quality (Jadad score of 2); all other studies [17] [18] [19] [20] were all classified as highquality studies (Jadad score of !3).
Outcomes of pooled studies
Four studies reported the incidence of arterial puncture. [16] [17] [18] 20 No arterial puncture was reported in the study by Wang. 17 No significant heterogeneity was found between studies (I 2 ¼ 0), and a fixed-effects model was used to analyze the outcome. The data extracted from relevant studies indicated that the oblique-axis plane in ultrasound-guided internal jugular vein puncture leads to a significantly lower incidence of arterial puncture than the shortaxis plane (RR, 0.13; 95% CI, 0.02-0.70; P ¼ 0.02) (Figure 2) .
Four studies involving 391 participants reported the first-pass success rate. 16, 17, 19, 20 Significant heterogeneity was found between studies (I 2 ¼ 56%), and a random-effects model was used to analyze the outcome. The pooled meta-analysis showed no difference in the first-pass success rate between the two groups (RR, 1.11; 95% CI, 0.97-1.28) (Figure 3) .
Four studies involving 391 participants reported the puncture success rate. 16, 17, 19, 20 There was significant heterogeneity between studies (I 2 ¼ 59%), and a random-effects model was used to analyze the outcome. No significant difference was found in the success rate of puncture between the two groups (RR, 1.03; 95% CI, 0.96-1.11) (Figure 4 ). Data on the number of attempts required were reported in three studies. 16, 17, 19 The heterogeneity test showed that I 2 ¼ 91%, and a random-effects model was used to analyze the outcome. The oblique-axis plane did not reduce the number of attempts required (mean difference, À0.28; 95% CI, À0.06-0.11) (Figure 5 ).
Sensitivity and subgroup analyses
Only five studies were identified for inclusion in the present review, and no heterogeneity was found in the primary outcome; therefore, we did not perform subgroup or sensitivity analyses in the present review. 
Discussion
In the present study, we retrieved five RCTs to demonstrate the safety and efficacy of the oblique-axis plane in ultrasound-guided internal jugular vein puncture. The results showed that the oblique-axis plane may reduce the incidence of arterial puncture in ultrasound-guided internal jugular vein puncture. However, no significant difference was found in the first-pass success rate, the puncture success rate, or the number of attempts required between the two groups. Several clinical trials [18] [19] [20] [21] [22] [23] have indicated that compared with the anatomical landmarks technique, ultrasound-guided internal jugular vein puncture could lead to a higher first-pass success rate and puncture success rate with fewer attempts required and a lower incidence of arterial puncture. However, the present meta-analysis showed no significant difference in the first-pass success rate, the puncture success rate, or the number of attempts required between the oblique-axis plane and short-axis plane. Indeed, ultrasound can display the blood vessels and surrounding tissues of the neck with both the oblique-and shortaxis approaches, and the number of studies and samples are too small to show a significant difference. We also found that between different studies, the first-pass success rate and the puncture success rate were different between the two groups. Different ultrasound machines (SonoSite, Bothell, WA, USA and GE Healthcare, Chicago, IL, USA) and ultrasonic frequencies ranging from 4 to 13 MHz may be two of the factors resulting in these differences.
The common carotid artery is located below or inside the internal jugular vein, and these two vessels are partially or completely overlapped in the short-axis plane; 24 thus, needle tip visualization may be more difficult. 25 Arterial injury may occur when the line intensity is too large. The oblique-axis plane not only shows the anatomical position of the internal carotid artery and vein but also the anatomical position of the internal carotid artery and vein; therefore, the puncture process can be better observed. The present meta-analysis showed the same result as reported in previous clinical trials; [16] [17] [18] [19] [20] namely, that the oblique axis plane leads to a low risk of arterial puncture. Like the first-pass success rate in ultrasoundguided internal jugular vein puncture, the risk of arterial puncture was also based on the operator's experience. We found that skillful operators were involved in the study by Wang, 17 which may explain why no arterial puncture was observed.
In all RCTs of the present meta-analysis, [16] [17] [18] [19] [20] ultrasound-guided internal jugular vein puncture was performed by experienced experts; however, the most useful method for less-experienced operators remains unclear. Additionally, no study has been conducted to determine which method is best in patients for whom internal jugular vein puncture is expected to be difficult. Future studies should focus on less-experienced operators and patients with presumed difficult puncture to confirm the present findings.
Several limitations of this meta-analysis should be considered. First, the quality of the included trials was uneven. Second, the number of included RCTs was small. Third, four of the studies included in the present meta-analysis were conducted in China; more studies involving different races and countries are still needed to estimate whether the present findings represent the global practice of internal jugular vein puncture. Because we only included published literature, the search strategy could have affected the meta-analysis results.
Conclusion
The results of the present study show that ultrasound-guided internal jugular vein puncture using the oblique-axis plane may reduce the risk of arterial puncture, but there was no difference in the first-pass success rate, puncture success rate, or number of attempts required. Thus, large-sample, multicenter randomized clinical trials are still needed to confirm the present conclusions.
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